et al. (1968) . They used Resiguard, a liquid disinfectant, which was run into an East Radcliffe respirator and subsequently emptied before reuse. While this method has the merit of extreme simplicity it hardly appears to be the right approach, and difficulties would be experienced with certain other volume cycled machines, not to mention the problem of ensuring removal of all disinfectant from machines at the end of the process.
Another method extends the principle of circulating disinfecting agent throughout the machine while it is being cycled. This uses a nebulizer to create a mist which can then be distributed while the machine cycles. The physical characteristics of nebulized droplets are outlined by Professor Robinson (p 910); for hydrogen peroxide we have now established that an ultrasonic nebulizer is unnecessary. Spencer et al. (1968) described the use of ultrasonically nebulized alcohol in a closed circuit, blanketing the alcohol droplets with nitrogen. The only objection to this method is the possibility of explosion; it would certainly be impossible to use alcohol or isopropyl alcohol safely without nitrogen blanketing. Alternatively, ultrasonically nebulized hydrogen peroxide has been used ). Here again there are possible objections and conflicting results. We are quite satisfied that it works with an appropriate nebulizer. However, the fluid is irritant to the hands, and one must be certain that no harm is done to expensive parts of the machine by hydrogen peroxide. Aluminium may be attacked, but the usual effect is to form an anodizing film of oxide on the surface with no further effect. Is there a more suitable disinfecting chemical?
A promising and simple approach to the problem was that of using high efficiency 'Williams filters' (Bishop et al. 1963 , Helliwell et al. 1965 to isolate the machine from the patient, but it seems to have failed due to technical difficulties.
To summarize the current position, for pressure cycled machines attention to humidifiers and tubing is really all that is necessary, and disposable hoses are now available for some machines, for instance that described by Robinson et al. (1969) . For volume cycled machines the problem is somewhat different, the most practical method at the moment being the use of a nebulizer to distribute a disinfecting chemical throughout the machine after use. Future practice should aim at improved machine design in which the ventilatory circuit is readily detachable; there are already examples of this on the market. The ventilatory circuit can then be readily sterilized by autoclaving, ethylene oxide or low temperature steam and formaldehyde, the choice depending on the materials used in the circuit.
Professor John S Robinson (Department ofAnasthetics, University ofBirmingham)
Physical Principles of Mist Sterilization
Successful mist sterilization requires that the halflife period of the droplets and their penetration into the circuit must be adequate so that the most distal parts of the circuit are reached. The lifeperiod of a droplet in still air is primarily dependent upon droplet size. It is pertinent to examine the, droplet sizes produced by ultrasonic nebulizers and by gas-driven Bernoulli-effect nebulizers. The ultrasonic nebulizer used in our experiments produces droplet sizes according to the relationship (Lang 1962) :
Count median diameter (p)= 0 34 (8n8/pf2)* where 8 is the surface tension, p the density, f the frequency. When such a nebulizer is used, if the surface tension is low and the density high, very small droplets will be produced. seconds, hydrogen peroxide 4-2 seconds, alcohol 1-5 seconds and chloroform 0 9 seconds. A gasdriven nebulizer (Harlow) produced droplets of about 5 ,u, with a mist density of less than 3 x 106/ cm3 for water and hydrogen peroxide, giving a half-life of over five seconds. It was shown during our experiments that a droplet had a theoretical residence time in the Cape ventilator of 1-3 seconds, much longer than the half-life of alcohol and chloroform droplets. These effects are aggravated because the gas flow into a ventilator is turbulent so that inertial impaction of the droplets occurs. The relationship governing deposition of the droplets is that of Friedlander & Johnstone (1957) (Johnstone 1961) which states that the inertial impaction or deposition of droplets is directly proportional to their number, the fourth power of their velocity, the fourth power of their diameter and inversely proportional to the distance travelled by the droplet across the gas stream.
The importance of an increase in droplet size from 1 1. to 5 ,u is small because the units are large (the velocity is in litres per minute).
It is concluded that: (1) The small droplet size and dense mists produced by ultrasonic nebulizers are unnecessary and less efficient than gas-driven nebulizers.
(2) The use of bactericides of low surface tension and high vapour pressure (Table 1) , apart from the explosion hazards, will produce an unstable mist and inefficient sterilization. It is not surprising, therefore, that Judd and his coworkers (1968) found incomplete sterilization after 1 h 30 min exposure to ultrasonically nebulized alcohol and even less efficiency with chloroform. Using the same techniques, work in progress indicates that a gas-driven nebulizer using hydrogen peroxide is more efficient and can reduce the sterilization time to twenty minutes. Dr Paul Herzog, Dr Olof Norlander and Dr Bertil Nystr6m (Karolinska Hospital, Stockholm, Sweden) Physical Principles of Ultrasonic Aerosol Generation for Disinfection The technique whereby aerosol is ultrasonically generated is a mechanical method. Ultrasonic waves are largely comparable with ordinary acoustic sound waves. The oscillations are longitudinal, in contradistinction to the transverse oscillations of electromagnetic and light waves, which are perpendicular in relation to the direction of propagation. Ultrasonic waves begin where audible sound waves end, at a frequency of about 20,000 Hz. Even if in their form they resemble audible sound waves, in behaviour they differ appreciably.
First, they are not propagated concentrically from a point, but in the form of a pencil of rays directed at a target. Secondly, they are conducted by solid or liquid substances, but not by air. If they encounter a layer of air they are easily absorbed. Thirdly, they can be produced at an intensity one hundred thousand times that of audible sound waves, since the energy (E), where the amplitude (a) is unchanged, increases by the square of the frequency (n): E=Ka2n .
For medical purposes ultrasonic waves are produced according to the discovery by the brothers Curie of so-called piezoelectricity. Piezoelectricity is observed chiefly in crystalline quartz. If a thin plate of such quartz is exposed to and electric alternating field, the thickness of the plate is changed in the same rhythm as the electric 
